Abstract The purpose of this study was to assess the effectiveness of behavioral counseling interventions in reducing sexual risk behaviors and HIV/STI prevalence in low-and middle-income countries. A systematic review of papers published between 1990 and 2011 was conducted, identifying studies that utilized either a multi-arm or prepost design and presented post-intervention data. Standardized methods of searching and data abstraction were used, and 30 studies met inclusion criteria. Results are summarized by intervention groups: (a) people living with HIV; (b) people who use drugs and alcohol; (c) serodiscordant couples; (d) key populations for HIV prevention; and (e) people at low to moderate HIV risk. Evidence for the effectiveness of behavioral counseling was mixed, with more rigorously designed studies often showing modest or no effects. Recommendations about the use of behavioral counseling in developing countries are made based on study results and in light of the field's movement towards combination prevention programs.
Introduction
The HIV epidemic has overwhelmingly burdened populations in low-and middle-income countries. UNAIDS has identified several priorities to combat the HIV epidemic, including increasing the availability of antiretroviral medications and reducing sexual transmission of HIV [1] . Specifically, UNAIDS has set a goal of ''Zero New Infections'' by 2015 with a strategic plan that will offer widespread access to effective prevention programming. This ambitious endeavor requires identification of best practices in HIV prevention to inform program and policy decisions.
Behavioral counseling (BC) programs represent one approach to HIV prevention at an individual level. A major goal of these programs is to reduce the frequency of highrisk behaviors that ultimately lead to infection, including risky sexual behaviors. Though the specifics of BC approaches vary, these interventions generally involve client-centered interactions that aim to eliminate or reduce HIV-related risk behaviors through provision of both individualized risk reduction planning and behavioral strategies.
Over a decade ago, UNAIDS released an international review of BC strategies and identified many approaches that appeared to decrease sexual risk behaviors [2] . At the time, a large proportion of rigorously designed BC studies had been conducted in the U.S., with more smaller-scale ''grassroots'' efforts seen in low-and middle-income countries. The authors noted that few programs that showed efficacy had been operationalized at the large-scale level necessary to sustain a lasting preventive impact. During the decade following this report, more rigorously designed research has evaluated BC in middle-and lowincome countries in a broad range of delivery settings and regions and among various target groups. BC has been adapted for people living with HIV (PLHIV) (e.g., [3] ) and certain key populations (e.g., [4] ) but has also been provided as primary prevention to relatively low-risk groups (e.g., [5] ). Based on their review of research, the U.S. Preventive Services Task Force has deemed high-intensity BC for populations at known risk for sexually transmitted infections (STIs) to be cost-effective in the U.S. [6] ; however, they caution against primary prevention for lowrisk groups due to the lack of empirical evidence and the potential for high costs. Given higher HIV prevalence rates relative to the U.S. and fewer funds for intervention, these same recommendations may not apply to low-and middleincome countries.
Past reviews have examined the efficacy of more broadly defined preventive interventions, which included but were not limited to BC, in Latin American, Caribbean, and Asian countries [7, 8] . These reviews found positive but widely variable effects across studies. Other reviews have summarized the efficacy of HIV counseling and testing, with similar conclusions [9] [10] [11] [12] . Despite the proliferation of more intensive BC approaches in low-and middle-income countries, the evidence to support their efficacy has not been systematically reviewed. Thus, the current review aims to summarize existing data on the effectiveness of BC in reducing HIV sexual risk behaviors and biological outcomes in these settings. Further, information about target populations, intervention characteristics (e.g., theoretical orientation, length, provider), and study characteristics is summarized and discussed.
Method
This review was conducted as part of The Evidence Project, which conducts systematic reviews of behavioral interventions targeting HIV prevention in low and middleincome countries. We follow standardized methods for reporting consistent with established guidelines [13] .
Inclusion and Exclusion Criteria
We first specified a definition and theoretical framework for BC. Interventions had to: (1) include an interactive session(s), (2) be led by a trained counselor, (3) use an approach that is ''client centered'' and, (4) specifically focus on HIV risk behaviors. Client-centered was defined as: (a) talking with rather than to clients; (b) face to face meetings; (c) sessions that are responsive to needs identified by clients, and (d) maintaining a neutral non-judgmental attitude towards clients.
Using this definition, we established the following inclusion criteria: (a) the intervention focuses on HIV prevention or measure HIV-related outcomes; (b) the intervention meets the definition of BC above; (c) specific outcomes of interest are presented; (d) the study is conducted in a low-or middle-income country as classified by the World Bank [14] ; (e) a multi-arm or pre-post study design is employed; and (f) post-intervention data are presented. Studies examining solely the counseling associated with HIV testing were excluded (i.e., Voluntary Counseling and Testing (VCT); Provider Initiated Testing and Counseling), as these have been systematically reviewed separately by our group [10, 11] . Of note, some of the BC interventions included in this review were conducted at VCT centers but provided counseling interventions above and beyond standard VCT. Specific outcomes of interest for this review were sexual behavior (not simply intentions), including condom use, number of sexual partners, frequency of sexual behaviors, and prevalence or incidence of HIV or STIs.
Search Strategy
The following electronic databases were searched using the date ranges January 1, 1990-May 9, 2011: PubMed, CIN-HAL, EMBASE, PsycINFO, and Sociological Abstracts. Search terms included combinations of terms for BC, HIV, and low-and middle-income countries; a full list is available from the corresponding author upon request. Secondary reference searching was conducted on all included studies, and hand searching was conducted on the table of contents of four journals: AIDS, AIDS and Behavior, AIDS Care, and AIDS Education and Prevention. Finally, the reference list of several past reviews of similar topics were hand searched for relevant studies [7] [8] [9] .
Screening Abstracts
Titles, abstracts, citation information, and descriptor terms of citations identified through the search strategy were screened in a two-step process. First, study staff screened records individually to remove clearly non-relevant records. Second, two study team members screened remaining records independently and compared results. Full text articles were obtained for all selected records, and two independent reviewers again assessed full-text articles for eligibility. Differences at each stage were resolved through consensus. During the screening process, we discovered that papers sometimes did not provide enough descriptive information about the BC interventions to determine whether they met all four aspects of the pre-specified definition for ''client-centered.'' Rather than exclude studies without sufficient information, we instead included studies as long as: (a) they met at least two aspects of the client-centered definition and (b) there was no clear evidence that the intervention was not client-centered (e.g., a strictly didactic intervention with no client participation).
Data Extraction and Management
For each included study, data were extracted independently by two trained coders using standardized extraction forms. The coding forms and manual for this project are available upon request. Differences were resolved through consensus and were referred to a senior study team member when necessary. The following information was gathered from each study: location, setting, and target group; period of the study; intervention description; study design; sample size; age; gender; sampling strategy; length of follow-up and completion rates; outcome measures; statistical tests; effect sizes; significance levels; and limitations described by both authors and reviewers. Studies that did not meet the inclusion criteria but presented information relevant to behavioral counseling were coded as background material using a simplified data abstraction form.
Study Rigor
The rigor of the design for included studies was assessed by means of eight criteria: (i) prospective cohort; (ii) control or comparison group; (iii) pre-/post-intervention data; (iv) random assignment of participants to the intervention; (v) random selection of subjects for assessment or assessment of all subjects who participated in the intervention; (vi) follow-up rate of 80 % or more; (vii) comparison groups equivalent on socio-demographic measures; and (viii) comparison groups equivalent at baseline on outcome measures.
Data Analysis
Data were analyzed according to coding categories and outcomes. Descriptive statistics (i.e., frequencies or means) were calculated for each of the coded study characteristics. Meta-analysis was not conducted, as only 4 of the 30 studies reported the requisite statistical results [4, [15] [16] [17] and because there was notable heterogeneity of intervention modalities and measured outcomes.
Results
The initial database search yielded 10,776 records; 8 additional records were identified through other means (see Fig. 1 ). Once duplicates were removed, 8,519 records underwent initial screening, 253 records were retained for screening in duplicate, and 109 underwent full-text review. Of these, 50 were excluded because they did not meet inclusion criteria, 4 did not examine relevant behavioral outcomes, 2 contained the same results as other included articles, 2 could not be located, and 21 were coded as background. The remaining 30 studies were deemed eligible for inclusion. Table 1 describes the included studies. The majority (n = 19) were conducted in sub-Saharan Africa, including South Africa (n = 9), Zambia (n = 4), Kenya (n = 3), Tanzania (n = 1), Nigeria (n = 1), and Zaire/Democratic Republic of Congo (DRC) (n = 1). Remaining studies were conducted in China (n = 4), Thailand (n = 2), Mexico (n = 1), Russia (n = 1), Malaysia (n = 1), Bolivia (n = 1), and India (n = 1).
There was substantial variability in the number of sessions, which ranged from 1 to over 30. The most common number of sessions was 2 (n = 7), 3 (n = 6), 4 (n = 5), and 1 (n = 4). Remaining studies reported 5 or more sessions, with 3 studies reporting 10 or more sessions. One study did not report the number of sessions. There was also variability in treatment settings, with five studies taking place in HIV/STI treatment clinics, nine in or associated with HIV testing and counseling centers (but provided independent of the HIV testing itself), three in community settings, three in substance abuse treatment facilities, three in general medical settings, two in antenatal clinics, and one providing treatment in either the office of a nongovernmental organization or in participants' homes. One study had two settings, an HIV testing and counseling center and an HIV/STI treatment center. Three did not describe the setting.
An assessment of rigor across studies showed strengths and weaknesses (Table 2) . Nineteen studies had control groups; eleven did not. All but two [18, 19] followed the same individuals over time. Eight were unable to retain at least 80 % of their sample; three did not report follow-up rates. One reported baseline differences between intervention and control groups on primary outcomes; six did not report baseline rates of primary outcomes. Given this substantial variability in rigor, studies with stronger designs are highlighted in the discussion of results.
Interventions were adapted for a wide range of populations: (1) PLHIV; (2) people who use drugs/alcohol; (3) HIV serodiscordant couples; (4) key populations for HIV prevention (female sex workers, men working at trucking companies, individuals seeking STI treatment, men who have sex with men); and (5) individuals at low to moderate risk (i.e., community samples, individuals seeking general health care, women seeking family planning or receiving postpartum care). To examine differences in BC strategies by group, we present results separated by population below.
People Living with HIV (PLHIV)
Seven studies examined BC for PLHIV. The goals of these interventions were to reduce HIV transmission to the individual's sexual partner(s) by increasing use of condoms, chemical barriers (e.g., vaginal lubricants, microbicides), or abstinence and/or decreasing the number of sexual partners or frequency of intercourse as well as to promote mental health and well-being among PLHIV. Two used the information-motivation-behavioral skills model of HIV prevention and motivational interviewing [3, 20] , two were based on the Theory of Reasoned Action and Planned Behavior and utilized cognitive behavioral therapy (CBT) techniques [21, 22] , one used CBT [23] , and the remaining two did not identify a theoretical orientation but used risk reduction [24] and psychoeducational approaches [25] .
The majority of studies in this group were rigorously designed randomized controlled trial (RCTs; n = 5), whereas two used less rigorous designs. In a RCT in South Africa [3] , BC delivered during routine HIV clinic visits decreased unprotected vaginal or anal sex acts among intervention participants compared to controls between baseline and 6-month follow-up (time 9 condition interaction, b = -2.24, p = .016). Specifically, there was a decrease from 2.64 to 0.40 in the intervention group and an increase from 2.26 to 3.85 in the control group. There was no effect on overall number of sex acts.
Two RCTs from the same research group examined BC for female PLHIV in Zambia. Jones et al. [22] provided BC in group and individual formats compared to usual services. At 6-month follow-up, group BC showed a greater increase in male condom use (v 2 = 7.3, p \ .001) and overall practices of protected sex (v 2 = 9.5, p \ .001) than either individual BC or usual services. The second study compared the same BC group intervention to an individually-focused control condition [21] and found no betweengroup differences in condom use at 12-month follow-up.
Two RCTs examined BC delivered to PLHIV in HIV counseling and testing centers as add-ons to typical services provided at these centers (i.e., in addition to typical HIV counseling sessions). The first compared BC to regular health services in Tanzania and did not find significant group differences in improvements on condom use or STI symptoms from baseline to 6-month follow-up [24] . A second RCT compared four sessions of BC to a waitlist control in Nigeria [25] . The BC group showed significantly more improvement (F = 7.56, p \ .001) than the control group from baseline to 1-month follow-up on a 20 item measure of risky sexual behaviors (i.e., the BC group showed a drop in score from 15.10 to 6.74 whereas the control group dropped from 13.24 to 9.21). Two of the studies were less rigorously designed. The first, a non-randomized trial comparing group-based BC to standard care for HIV-positive pregnant women in South Africa found no effect on abstinence/consistent condom use [23] . The second, also conducted in South Africa, used a pre-post design to evaluate 3-sessions of BC and found decreases in percentages of participants: (a) with multiple sexual partners (v 2 = .32, p \ .001), (b) never using condoms with primary partners (v 2 = .23, p \ .001), and (c) not using condoms at last sex with primary partner (v 2 = .22, p \ .001) [20] . Overall, evaluations of BC for PLHIV showed mixed support for its efficacy. Among studies with the strongest research designs, two of five BC interventions increased condom use or protected sex [3, 25] , with one of these providing data from a relatively short-term follow-up (i.e., 4 weeks) [25] . Two of the studies compared individual to group based BC and did not result in definitive conclusions about BC in general [21, 22] . The other rigorously designed study failed to find significant effects on behavioral outcomes [24] . In the less rigorously designed studies, the pre-post comparison found improvements in risky sexual behaviors [20] but the non-randomized trial failed to find significant effects [23] .
People Who Use Drugs or Alcohol
Six studies examined BC for individuals at-risk for HIV infection due to use or abuse of alcohol and illicit drugs. These interventions generally aimed to reduce risky sexual behaviors associated with substance use. In terms of theoretical orientation, one study utilized a relational intervention model [26] , two used CBT [27, 28] , one used social cognitive theory [15] , and two did not identify theoretical underpinnings but used risk reduction approaches [29, 30] .
Four of these studies were rigorously designed RCTs. A pilot RCT conducted in an outpatient substance use treatment clinic in Malaysia was part of a larger clinical trial for medication management of heroin dependence [27] . All participants received medication management and were randomly assigned to either BC or usual services. Both groups showed reductions in HIV risk behaviors (i.e., drugrelated and sexual risk) from baseline to treatment end (F = 10.2, p \ .05), but there were no significant group differences in percent reduction in these behaviors. A second RCT from the same researchers was conducted in a methadone maintenance clinic using the same design [28] . Similar to the earlier study, both groups showed reductions in HIV risk behaviors (F = 33.13, p \ .001); however, the intervention group showed a greater reduction than controls (F = 7.17, p \ .01). An RCT conducted in an inpatient substance use treatment facility in Russia compared BC to standard addiction treatment [29] . At 6-month follow-up, the BC group reported a higher (though not statistically significant) percentage of protected sex acts (median difference between intervention and control groups = 22.8 %, p = .07) and higher overall rates of condom use (OR = 3.7, p \ .01) compared to the control group, but there were no group differences in consistent condom use. Finally, a 1-session BC model with nontreatment seeking adults from informal drinking establishments in South Africa produced no significant improvements in unprotected sex, condom use, or number of partners compared to controls [15] . However, there was evidence that the intervention worked for participants who identified as light drinkers compared to heavier drinkers.
The remaining two studies used pre-post designs. The first revealed increased condom use between baseline and 6-month follow-up after two sessions of BC (standard marginal homogeneity test = 6.89, p \ .01) in China [26] . NA not applicable, NR not reported a The follow-up rate at 1-month was 80 %, and the follow-up rate at 3-months was 79 %
The second recruited a large sample (N = 2,545) of intravenous drug users in Thailand [30] as part of a larger RCT for a preventive HIV vaccine. All participants received BC. Participants with casual (but not live-in) partners showed increases in consistent condom use from baseline (46 %) to 12-month follow-up (55 %; p \ .001).
Further, participants reported fewer casual partners at 12-month follow-up (10.5 %) than at baseline (13.7 %, p \ .001). These results represent statistically significant but small changes in behavior.
In sum, the majority of the RCTs for individuals abusing drugs or alcohol revealed no advantage of the BC intervention compared to usual services on measures of HIV risk behaviors [27] , condom use [15] , number of partners [15] , or consistent condom use [29] . One study showed decreased HIV risk behaviors [28] and another showed increased condom use, though not an increase in the percentage of individuals practicing consistent condom use [29] . Pre-post evaluations found increased condom use [26, 30] and decreased sexual partners [30] ; however, given the limitations inherent to these designs, it is unknown whether these effects were due solely to BC.
Serodiscordant Couples
Three studies evaluated BC to reduce HIV risk behaviors and transmission among HIV serodiscordant couples. The goals of these interventions were to decrease unprotected sex between partners through the provision of education on HIV transmission and safe sex as well as increasing sexual negotiation, HIV status disclosure, and/or safe sex practices. Two were based on the theory of reasoned action and planned behavior [31, 32] , while the remaining study did not identify a theoretical orientation [33] .
None of the studies were of high rigor. Two studies conducted by the same researchers examined a group intervention in Zambia. Both administered group sessions to women living with HIV and randomly assigned their male partners to either a low intensity (1 session) or high intensity (3 or 4 sessions) of group BC [31, 32] . Both reported increased protected sex at 12 month follow-up. The third study examined couples-focused BC in DRC. A prospective cohort study [33] found that, by 18-month follow-up, 6 of the 149 discordant couples became HIV concordant, and condom use with partners increased from less than 5 % at baseline to 70.7 % following HIV disclosure, an improvement that was sustained at 18-month follow-up.
In sum, the study designs used in evaluations of BC for serodiscordant couples were weak. Pre-post evaluations showed small to moderate increases in protected sex [31, 32] , though it is impossible to determine whether these rates were lower than they would have been without intervention.
Key Populations for HIV Prevention
Ten studies focused on key populations for HIV prevention, including six with female sex workers [17, 19, [34] [35] [36] [37] , three with adults seeking STI treatment [4, 38, 39] , one with male truckers [40] , and one with men who have sex with men (MSM) [41] . Interventions for these populations generally sought to increase knowledge about HIV transmission, motivation to engage in safer sex to prevent infection, and behavioral risk reduction techniques. Two interventions were based on a combination of social cognitive and gender and empowerment theories [36, 37] , one was based on a combination of social cognitive theory and the theory of reasoned action and utilized a motivational interviewing approach [17] , and one was based solely on social cognitive theory [4] . An additional intervention was based on the information-motivation-behavioral skills model of behavior change and used motivational interviewing [38] , while another was based on UNAID's AIDS risk reduction model [41] . The remaining five studies did not identify a theoretical orientation [19, 34, 35, 39, 40] .
Three of the studies recruiting female sex workers were RCTs. The first found no differences between participants receiving 1 session of BC and those in a time-equivalent control group on incidence of HIV, syphilis, gonorrhea, or chlamydia, but did find an effect for overall STI incidence (p \ .05), such that 12.8 % of the control group but only 7.7 % of the intervention group tested positive for an STI at 6-month follow-up [13] . There was also a greater increase in condom use for the BC group than controls from baseline to 6-month follow-up (F = 9.78, p \ .01). The other two RCTs were from the same researchers and compared a 2-session intervention to usual services in South Africa. Wechsberg et al. [36] did not find significant effects on consistent condom use with boyfriends or clients in the past month but did find an effect for self-reported STI symptoms at 1-month follow-up (d = .43, p value not reported). Wechsberg et al. [37] found a significant effect on condom use during last sex at the 6-month follow-up (p \ .05).
Two of the studies with female sex workers were part of larger drug trials in which all participants received BC. The first found pre-post changes in rates of 100 % condom use (p \ .001) and number of clients (p \ .001) [34] . The second was part of a medication trial for STI prevention and also found significant pre-post changes, specifically an increase in mean number of regular clients (p \ .001), increased condom use with regular clients (p \ .001) and increased prevalence of chlamydia (p \ .05) and trichomoniasis (p \ .001). There was no significant change in gonorrhea prevalence or HIV incidence [35] .
The final study with female sex workers used a serial cross-sectional design to determine whether implementation of a BC intervention in conjunction with improved HIV/STD testing services and outreach could decrease sexual risk taking behaviors in a population of female sex workers over a four year period [19] . The study found significant increases in condom use (p \ .001) and significant decreases in the prevalence of gonorrhea (p \ .001), syphilis (p \ .05), and genital ulcers (p \ .01) but no significant decrease in Chlamydia or trichomoniasis between 1992 and 1995.
There were three studies of BC for adults seeking STI treatment. Two RCTs from the same researchers evaluated a one-session BC intervention in South Africa. Simbayi et al. [38] found no significant differences between BC and a control group on number of partners at 3-month followup, but participants in the intervention group had a significantly lower percentage of unprotected sex acts compared to controls. Kalichman et al. [4] also reported no effect on condom use at last intercourse, number of partners, or unprotected anal intercourse occasions, but the BC group reported fewer instances of unprotected vaginal intercourse (mean of 1.3 instances in the intervention group, 2.1 in the control group, p \ .05) and higher percentages of condom use (87.8 % of the time in the intervention group, 76.4 % of time in the control group) compared to controls at 6-month follow-up. In addition, a pre-post study examined a 3-session intervention for individuals seeking STI treatment and found significant reductions in mean number of partners (p \ .001) but no effect on condom use or frequency of vaginal sex [39] .
Finally, Jackson et al. [35] used a time series cohort design to examine a 12-month BC intervention for truckers in Kenya and found reductions in extramarital sex (p \ .001) and STI incidence (observed or reported; p \ .001) but no significant change in condom use during extramarital sex. Zhang et al. [41] used a pre-post design to examine a 4-session peer-driven group intervention for MSM, finding increased condom use during anal sex (p \ .01); decreased rates of unprotected sex (p \ .01) but no effect on number of partners.
Overall, rigorously designed studies of preventive BC interventions for individuals at high-risk for HIV infection failed to find effects on condom use or protected sex [4, 36] , HIV or STI incidence [42] , or sexual partners [38] . There were also some positive findings. One study found significant decreases in unprotected vaginal intercourse (though not unprotected anal intercourse) [4] , one found a significant decrease in the percentage of unprotected sex acts [38] , one reported decreased incidence of overall STIs (though not any individual STI) [17] , one reported significant decreases in self-reported STIs [36] , and one found significant increases in condom use [37] . Each of the significant findings was modest in size. Similar to the other groups, many of the pre-post evaluations found some improvements, including decreased extramarital sex [40] , STI incidence or prevalence [19, 35, 40] , and sexual partners [34, 35, 39] , and increased condom use [19, 34, 35, 41] , whereas a few did not find pre-post decreases in number of partners [39, 41] .
Individuals with Moderate to Low HIV Risk
The remaining studies examined BC with relatively lowrisk community samples. These interventions took a broadbased primary prevention approach to decreasing the spread of HIV, typically with a goal of reaching larger communities of people living in countries with high HIV prevalence rates. One of the interventions was based on social cognitive theory [16] , while the other two did not identify a theoretical orientation [5, 18] .
One of the studies used a community randomized design [16] , and the other two used pre-post designs [5, 18] . The randomized design compared a South African community assigned to receive a group-based gender violence and HIV prevention BC intervention to a control community [16] . At 6-month follow-up, participants in the BC community reported fewer sex partners than controls (F = 4.9, p = .05) but there was no effect on condom use. A study using a prepost design recruited independent patient cohorts before and after training Chinese hospital-based physicians to deliver BC [18] . At 6-month follow-up, a higher percentage of patients reported ever being tested for HIV compared to baseline, and a lower percentage reported never using condoms in the past 6 months compared to baseline (both p's \ .05). A pre-post design was used to evaluate a 3-session BC intervention with seronegative women in Thailand [5] . At 12-month follow-up, there was a 3 % increase in consistent condom use (from 2 % at baseline to 5 % at 12 month follow-up, no significance testing reported).
In sum, only three studies examined BC interventions designed for individuals at moderate to low risk for HIV, and two of the studies did not provide a rigorous evaluation of the interventions [5, 18] . They found decreased partners [16] and increased condom use [18] but failed to find an impact on consistent condom use [5, 16] .
Discussion
We identified 30 studies that examined the effects of BC for HIV prevention on sexual risk behaviors and biological outcomes in low-and middle-income countries. There was substantial diversity across studies in intervention length, theoretical orientation, and delivery setting. BC was adapted for use with a variety of populations, including PLHIV, people who use drugs/alcohol, HIV serodiscordant couples, key populations for HIV prevention, and individuals at low to moderate HIV risk. Importantly, there was also substantial variability in study rigor, with many more RCTs conducted since UNAIDS' previous review [42] , allowing for more decisive conclusions about BC's efficacy.
Overall, the results call into question the effectiveness of BC for HIV risk reduction when evaluated with rigorously designed studies. This was the case for the BC interventions for PLHIV, people who use drugs or alcohol, and key populations. Although results of pre-post designs often showed positive effects of BC for these three groups, the RCTs largely showed a lack of or mixed findings on the sexual behavior outcomes most closely associated with HIV infection risk. Thus, based on the studies reviewed, the reliance on BC strategies alone for these groups is insufficient for reducing sexual transmission risk.
The lack of effectiveness of BC for PLHIV is consistent with studies showing that a comprehensive approach covering a range of intervention modalities is necessary for prevention in this group [43] . Though this review indicates that BC alone is likely not effective for PLHIV, a positive prevention approach focused on positive health, dignity, and transmission prevention is recommended and should include both biomedical and behavioral interventions, one of which may be BC. Similarly, there is little evidence that BC is effective for reducing behavioral risk for key populations (e.g., female sex workers, MSM). Thus, it is likely that these groups also require a more comprehensive approach to prevention. Specific to studies of BC for people who use drugs or alcohol, it should be noted that some of these BC interventions also aimed to reduce risk behaviors specifically related to substance abuse (e.g., sharing needles, engaging in sex while intoxicated). A review of these outcomes is beyond the scope of this review but it is possible that BC is more effective in reducing substance use related behaviors than it is for sexual risk behaviors.
There was variability in the quality of studies across target groups, precluding strong conclusions about the efficacy of BC for some groups. Specifically, the studies of BC for both HIV serodiscordant couples and individuals with moderate to low risk for HIV were few in number and were not rigorously designed. Thus, it is not possible to make definitive conclusions about the use of BC for these groups, and additional research is warranted. It should be noted, however, that serodiscordant couples may represent a unique population, as they tend to increase their use of condoms substantially upon learning their serostatus [11, 13] . Thus, testing itself is a powerful intervention for this group, and the later addition of BC focused on sexual risk reduction may not have incremental value. However, as prevention options for serodiscordant are becoming more widely available (e.g., treatment as prevention, PrEP), BC could be a potentially useful tool in helping couples to explore options and identify prevention methods that work for them. In the case of the moderate to low risk groups, there is likely a floor effect in these studies, as these groups often already display low levels of risky sexual behaviors at baseline. The potentially poor cost-benefit ratio of intervening with this population rather than targeting PLHIV or high-risk groups detracts from the viability of this approach. This is similar to conclusions made about the utility of BC for low-risk groups in the U.S. [6] .
Another important limitation is the inability to conduct a meta-analysis, which was due to two aspects of the studies reviewed. First, only four of the included studies reported the necessary statistics to calculate effect sizes. This speaks to the need for more standardized outcome metrics for this field. Second, there was significant heterogeneity in study design, target populations, and intervention characteristics that precluded the use of meta-analysis. We chose to summarize the findings within each target population, as these groupings have practical importance for program implementation decisions. We also highlighted findings from more rigorously designed studies. Despite these efforts, the lack of meta-analytic results limits our ability to draw definitive conclusions.
One important qualification to these findings is that the control conditions utilized in the large majority of the RCTs were ''active'' conditions of similar length and intensity as the BC interventions. Further, some of the control groups were provided with HIV risk reduction strategies, such as testing, condom distribution, and HIV education, also offered in the BC interventions. This may have diminished the differences found between groups and, thus, the perceived effectiveness of BC. Another important qualification is that, although risky sexual behavior and biological indicators were the focus of this review, many of the BC studies focused on additional outcomes, including HIV knowledge and other HIV transmission risk behaviors (e.g., substance use, breastfeeding) and protective factors (e.g., partner HIV testing, adherence to medications, mental health and adjustment) that were beyond the scope of this paper. Thus, conclusions about the potential usefulness of BC for outcomes other than the ones reviewed here cannot be made. Finally, many of the reported behavioral outcomes were assessed using self-report measures only, which may have been subject to demand characteristics of the study.
Conclusion
Across target groups, RCTs generally revealed either moderate or little benefit from BC compared to usual services. Less rigorous designs showed that risky sexual behaviors and biological indicators improved following BC interventions; however, without controls, it is unclear whether BC itself had an impact greater than usual services. Therefore, the overriding conclusion based on the studies reviewed is that standalone BC interventions add little to the effectiveness of HIV prevention services already available in many communities for PLHIV, people who abuse drugs/alcohol, and people at high-risk for HIV transmission. Additional research is needed to make conclusions about the efficacy of BC for serodiscordant couples and individuals at low to moderate risk for HIV.
Implications
Results of this review do not support the use of BC as a sole HIV prevention strategy in low-to middle-income countries, although as suggested above, this conclusion is somewhat limited by the heterogeneity and quality of the reviewed studies, and more research is needed for a definitive recommendation. These findings provide support for the idea that there is no single stand-alone intervention that will be effective at reducing population risk for HIV infection. As a whole, the field is moving towards combination HIV prevention, defined by USAID as an approach that ''relies on the evidence-informed, strategic, simultaneous use of complementary behavioral, biomedical and structural prevention strategies.'' [44] Effective prevention will need to target risk factors at individual, dyadic, community, and societal level and will need to be tailored to meet the needs of specific groups and contexts. Countries and settings need to identify the risk factors for HIV in their population and strategically choose multimodal multilevel preventive interventions to address these specific needs. Though the conclusions from this review do not support the efficacy of BC as a stand-alone intervention, it is still possible that it could be an effective approach when used to target specific HIV risk factors in the context of larger combination prevention programs. Research on the combinations of such interventions to meet the epidemiological needs of specific populations is still in its infancy [45] , but future studies may consider BC as one potential individual-level intervention in a larger multi-level program that includes relational, community and structural level interventions.
